Weinvestigated how both objective and subjective organizations affect perceptual organization and how this perceptual organization, in tum, influences observers' performance in a localization search task. Two groups of observers viewing exactly the same stimuli (objective organization) performed in significantly different ways, depending on how they were induced to parse the display (subjective organization). In Experiments 1 and 2, the observers were asked to describe the location of a tilted target among a varying number of vertical or horizontal distractors. Subjective organization was induced by instructing observers to parse the display into either three horizontal regions (rows) or three vertical regions (columns). The position of the target was critical: location performance, as assessed by reaction time and errors, was consistently impaired at the locations adjacent to the boundaries defining the regions, producing what we refer to as the subjective boundary effect. Furthermore, the extent of this effect depended on whether the stimulus-driven and conceptually driven information concurred or conflicted. This made location information more or less accessible. In Experiment 1, the strength of objective grouping was a function of the proximity of the items (near or far conditions) and their orientation in a 6 x 6 matrix. In Experiment 2, the strength of objective grouping was a function of similarity of color (items were color coded by rows or by columns) and the orientation of the items in a 9 x 9 matrix. The subjective boundary effect was more pronounced when the display promoted grouping in the direction orthogonal to that of the task (e.g., when observers parsed by rows but vertical distractors were closer together [Experiment 1] or color coded [Experiment 2] to induce global columns). In contrast, this effect decreased when the direction of both objective and subjective organizations was parallel (e.g., when observers parsed by rows and horizontal distractors were closer together [Experiment 1] or were color coded [Experiment 2] to induce global rows). A localization search task proved to be an ideal forum in which objective and subjective organizations interacted. Wediscuss how these results indicated that observers' performance in a localization task was determined by the interaction of objective and subjective organizations, and that the resulting perceptual organization constrained coarse location information.
however, as to whether we first perceive the identity of an object and then make a decision about its location, or whether we must first know where an object is in order to tell what it is. Questions about the difficulty of these two tasks, the degree ofattention required to perform them, and their temporal order are all part of the "what and where" controversy (e.g., Atkinson & Braddick, 1989; Green, 1992; Johnston & Pashler, 1990; Sagi & Julesz, 1985b; Treisman, 1993; Treisman & Gelade, 1980) . According to some studies, for features to be identified, location information has to be available (e.g., Eriksen & Rohrbaugh, 1970; Keele, Cohen, Ivry, Liotti, & Yee, 1988; Sagi & Julesz, 1985b; van der Heijden, 1993) . Other studies, however, show that location information is poorly registered during the initial identification of features (e.g., Cohen & Ivry, 1989 Estes, 1972; Ivry & Prinzmetal, 1991; Prinzmetal & Keysar, 1989; Wolford & Shum, 1980) , and that it is subject to rapid decay (e.g., Sperling, 1960; Wolford, 1975) . Several models have addressed the quality of location information.
The feature perturbation model (Wolford, 1975; Wolford & Shum, 1980) states that the migration of some features over time distorts the perceived relative location of various features. According to this model, under speeded presentations, performance is influenced by where the target is located, as well as by how many flanking distractors there are, and how close and how similar they are to the target. As retinal eccentricity increases, observers' performance decreases, and more so if a target is flanked by a peripheral distractor than if it is flanked by a foveal distractor. Identification performance is also affected by target-distractor discriminability.
The quality of location information available to the visual system is also reflected by illusory conjunctions-that is, by the incorrect perceptual combination of correctly perceived stimulus features such as color and shape (e.g., Treisman & Schmidt, 1982) . The effects of display density on visual search and on illusory conjunctions have suggested that two mechanisms are responsible for feature integration (Cohen & Ivry, 1989 . Whereas the first is fast and uses coarse location information to bind features into objects, the second is slower and is used when objects are located close to each other. Although features are generally perceived with coarse location information that is accurate enough to prevent confusion of features between distant objects, this information is not accurate enough to prevent confusion offeatures between adjacent objects. However, illusory conjunctions are a function not only of the distance among items in the display, but also of the way in which they are perceptually organized into coherent configurations or groups either by objective organization (proximity and similarity) or by subjective organization (Prinzmetal, 1981; Prinzmetal & Keysar, 1989) .
Some of the most interesting studies on perceptual organization illustrate that the percept depends not only on objective organization but also on subjective organization. A single figure can be subjectively organized into two different interpretations, even though the physical information received by the eye is the same. For instance, a given face ofa Necker cube can appear in the background at one moment and in the foreground the next, but not both at the same time. Likewise, an ambiguous matrix of equally spaced aligned dots can be seen as either rows or columns. This ambiguity is diminished by manipulating the proximity or the similarity of the dots (Attneave, 1971) . Prinzmetal and Keysar (1989) capitalized on these phenomena. They found that illusory conjunctions occurred more often within than between groups induced by either the proximity of the items (objective physical information) or the way in which observers subjectively organized the display, via a primary reading task. These authors concluded that since the visual system integrates and combines visual information over surfaces and objects, location information of features may be blurred within an object or perceptual whole. Spatial resolution and location information for color, for example, may be poor within an object or structural unit. By filtering out the noise, a blurring or spreading of color within an object gives the impression that the object is more homogeneous and aids in a more economic form of coding.
The use of task instructions to induce observers' subjective organization represents a useful control in which the identical display can also be used to explore attentional demands ofwithin-and between-object comparisons. Baylis and Driver (1993) found that with color instructions defining a perceptual set, observers were more successful at comparing the edges of what they perceived to be parts of the same object than they were at comparing what they perceived to be parts of different objects, even though the physical displays inducing the different interpretations were exactly the same. Similarly, Yantis (1992) has shown that visual tracking performance improved when observers were able to subjectively organize the items to form a coherent but not rigid virtual object.
Visual search models broadly refer to Gestalt grouping principles (Koflka, 1935; Wertheimer, 1923) , without delving into when, where, and how they come into effect. They have neither systematically studied the effects of objective organization nor even considered the effects of subjective organization. Although "virtually all discussions of perceptual organization-from those of the Gestalt psychologists. .. to those of recent psychologists ... , psychophysicists ... , and computer-vision theorists ... -have considered perceptual organization as an exclusively bottom-up or stimulus-driven phenomenon" (Yantis, 1992, p. 325) , the three studies just discussed (Baylis & Driver, 1993; Prinzmetal & Keysar, 1989; Yantis, 1992) , in conjunction with previous demonstrations ofconceptually driven processes on perceptual organization (e.g., Attneave, 1971; Peterson & Gibson, 1991; Peterson & Hochberg, 1983) , show that perceptual organization need not be entirely stimulus driven; the perceptual demands of a task that induce subjective organization of the display also affect perceptual organization.
We believe that both objective and subjective organizations could be powerful tools with which to advance our understanding of early visual processing. However, the effects ofneither objective nor subjective perceptual group- I I I I  I  I I I I  I I I  I I  I /  I I I I  I I I I  I  I I  I I I its group, and its location information would not be readily accessible, observers would have to consider the items in the display with more scrutiny. In contrast, when the directions ofthe objectively and subjectively defined groups agreed, performance would be facilitated.
DISPLAYS FOR EXPERIMENT I NEAR SPACING

Method
Observers. Thirty Wesleyan University undergraduates participated in the experiment as a partial requirement for an introductory psychology course. All observers had normal or corrected-to-normal vision and were naive as to the purpose and method of the experiment.
Apparatus and Stimuli. The stimuli were presented in a darkened room on a high-resolution color monitor controlled by a Macintosh IIci microcomputer. The experimental program was created by VSearch software (Enns & Rensink, 1991) . The stimuli consisted of a red right-tilted target (+35°from vertical), and horizontal and vertical blue distractors, against a red background. Each stimulus subtended 0.5" X 0.03°(length X width) of visual angle.
ing on localization search performance have been studied. In this study, we investigated how subjectively defined regions would affect localization performance on a search task. Specifically, we explored the ways in which perceptual organization resulting from the interaction of objective organization and subjective organization affect observers' ability to localize a target. By implementing the visual search paradigm and working with such basic items as lines, it is possible to explore how observers might be induced to perceptually organize information in different ways as a by-product of different stimulus configurations and task instructions.
EXPERIMENT 1
The perceptual groups (rows or columns) induced by subjective and objective organizations either agreed or conflicted. We manipulated subjective organization by varying the instruction: observers were asked to localize a tilted target in terms ofthree regions composed ofeither rows or columns. We manipulated objective organization by varying the stimulus. Distractor orientation (vertical or horizontal) was manipulated in conjunction with the proximity (near vs. far spacing) of the stimuli to create displays that were rigged or weighted toward being grouped as a set of rows or a set of columns. Thus, the direction of the instruction was parallel or perpendicular to the global objective organization of the display. Given that the same stimuli were used for both row-and columnstimulus organizations, each display served as its own control; hence, any difference in performance could not be due to uncontrolled physical stimulus factors and could be attributed to subjective organization (Prinzmetal & Keysar, 1989) .
Homogeneous lines that are aligned without jitter naturally group to form a global line-good continuationespecially when the line segments are proximate (see near condition ofFigure 1: the vertical lines group to form global columns). Increasing the space between these line segments weakens this grouping (Pomerantz & Schwaitzberg, 1975) , and allows an alternative one to take place. If spacing is sufficiently increased (see far condition of Figure 1 ), the vertical lines could just as easily form global rows. Search performance improves when distractors group strongly and are then rejected or inhibited as a unit (Duncan & Humphreys, 1989 ; moreover, the time to search for a target increases with the number ofgestalts that the distractors produce (e.g., Bundesen & Pedersen, 1983; Farmer & Taylor, 1980; Poisson & Wilkinson, 1992) .
On the basis of the idea that location information is coarsely coded (e.g., Cohen & Ivry, 1989 Wolford, 1975; Wolford & Shum, 1980) and constrained by perceptual grouping (Prinzmetal, 1981; Prinzmetal & Keysar, 1989) , we hypothesized that when the target was embedded in a global objective perceptual group, and observers were instructed to subjectively parse the display in the direction orthogonal to that of the objective grouping, localization performance would be impaired. Since the target's defining feature (orientation) would be blurred within 
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sao lower when the target deviated from verticality than when it deviated from horizontality (35°vs. 55°), localization performance was impaired. This finding is closely related to that of Bergen and Julesz (1983) , who showed that detection of a target tilted at 45°was faster than detection of a target tilted at 30°among vertical distractors. Indeed, there is general agreement that feature search is driven by a parallel process that is capable of registering the entire display when target and distractor differences are clearly discernible. When these differences are less obvious, however, groups of items must be attended for the differences to become apparent (Duncan & Humphreys, 1989; Quinlan & Humphreys, 1987; Treisman, 1993; Treisman & Gormican, 1988; Wolfe, 1994; Wolfe et al., 1989) . The main effect of set size was also significant, as was its interaction with instruction. In general, for column instruction (Figure 2 , left panels), as set size increased, RTs and errors decreased. For row instruction (Figure 2 , right panels), RTs and errors increased from small to medium set sizes, and then decreased again to the largest set size. According to the conventional criteria used to Classify a search as being parallel or serial (e.g., Enns & Rensink, 1990; Treisman & Gormican, 1988) , localizing a tilted target among vertical or horizontal distractors was performed in a parallel fashion (see General Discussion).
Analysis of target position. This analysis was conducted to determine whether the target position within the display influenced performance. Specifically, we explored whether particular combinations of instruction, spacing, and distractor orientation led to different distributions of RT and error data. We expected that it would be harder to localize the tilted target in the appropriate region when it
Results and Discussion General analysis. Figure 2 presents the observers' mean correct RT and error rate as a function of set size for the near and far conditions for both column and row instructions. Analyses of variance (ANOVAs) with one betweensubjects factor (instruction) and three within-subjects factors (spacing X distractor orientation X set size) were performed on the mean correct RT and mean percentage of error for each observer (Table I ). All results included here were significant (p < .05), unless noted otherwise. All pairwise comparisons are Newman-Keuls (p < .05). The main effect ofspacing was significant for RT (far = 602 msec; near = 588 msec), but not for error (far = 10%; near = 9%). The detrimental effect of increased spacing may be due to a weakening of perceptual grouping by decreased proximity (Pomerantz & Schwaitzberg, 1975) .
In addition, for both instructions, the target was processed faster and more accurately when it appeared among horizontal distractors than when among vertical distractors. Because the target-distractor discriminability was
The items were arranged in a square matrix of six rows and six columns subtending a 6°X 6°visual angle. There were two spacing conditions. In the near condition, interitem distance was measured from the midpoint of one item to the midpoint of another. This distance was equal in both vertical and horizontal directions (1°), but since the items were not square, the actual spacing between items was less between the endpoints than between the midpoints of the lines. For example, looking at Figure I , it is easy to see how for vertical distractors, the vertical spacing is less than the horizontal spacing. In thefar condition, the distance from endpoint to endpoint was equal to the distance from midpoint to midpoint. As a result, the spacing from midpoint to midpoint was I°in one direction, and 1.5°i n the other. The overall dimensions of the display measured 6°X 9°( length X width)for the horizontal distractors and 9°X 6°(length X width) for the vertical distractors.
Design. The experiment lasted I h. There were eight experimental blocks, each of which consisted of 108 randomized trials. Each experimental block represented a possible interaction among distractor orientation (vertical or horizontal), spacing (near or far), and set sizes (6,18,30 or 12,24,36) . The order of the blocks was counterbalanced among observers. The spacing between items, the orientation of the distractors, and the set sizes were independently manipulated from trial to trial. Observers began with two practice blocks of 108 trials each that allowed for exposure to all different set sizes, and to both distractor orientations and spacing conditions. The positions of the target and the distractors were randomized.
Procedure. The observers were told to fixate on the continuously visible fixation point (0.07°ofvisual angle) at the center ofthe screen. They were asked to localize the tilted target as quickly and as accurately as possible, since both their reaction time (RT) and error rates were to be recorded. Half of the observers were instructed to determine whether the target appeared in the two left, the two middle, or the two right columns (column instruction; to avoid confusion between the direction of the position analysis and the instructions, we refer to the latter in italics). The remaining observers were asked to judge whether the target appeared in the two top, the two middle, or the two bottom rows (row instruction). Right-handed participants indicated left, middle, right (column instruction) or bottom, middle, top (row instruction) by pressing the appropriate computer keyboard keys with the index, middle, and ring fingers, respectively.Left-handed participants were asked to use the reverse pattern of response keys. The display was presented for lOS msec; failure to respond within 1,050 msec was considered an error. appeared in a row or column neighboring boundaries between the three regions imposed by the instructions-row or column, respectively. To assess performance by target position, the correct RTs and frequencies oferror per column and row, collapsed across set sizes, were subjected to ANOVAs with one between-subjects factor (instruction) and four withinsubjects factors (spacing X distractor orientation X direction of position analysis [column or row] X target position in terms of columns or rows [Position 1 was assigned to the leftmost column or the topmost row in the matrix, and Position 6 to the rightmost column or bottommost row]).
Two basic patterns were found in terms of target position: (1) a subjective boundary effect; and (2) an eccentricity effect. It is important to note that the perceptual groups in which these effects appeared were reversed for the two instructions.
Subjective boundary effect. Even though observers were presented with identical physical displays and the targets appeared in the same locations, instructing observers to localize in terms of columns or rows was sufficient to induce subjective organization ofthe field in the direction of the instruction. For column instruction (Figure 3a ), pairwise comparisons showed that the extreme peripheral columns (Columns 1 and 6) were processed the fastest and most accurately, followed by the two central columns (Columns 3 and 4), with peaks in RT and errors occurring at the two columns bordering the imaginary, or subjective, boundaries dividing the center region from the peripheral left and right regions (Columns 2 and 5). In contrast, for row instruction (Figure 3d ), the boundary effect was present for rows instead of for columns. Pairwise comparisons showed that the rows bordering the subjective boundary externally (Rows 2 and 5) were slower and less accurate than the two peripheral rows (Rows 1 and 6) and the two ., central rows (Rows 3 and 4). The three-way interactions of instruction X direction X position reflect these opposing patterns of results found with each of the instructions (Table I ). We will refer to these peaks of increased RT and errors occurring at the positions externally adjacent to the subjective boundaries as the subjective boundary effect. Eccentricity effect. When position was analyzed in the direction perpendicular (columns or rows) to that ofthe instruction (rows or columns), pairwise comparisons showed that the target was processed most slowly when it appeared in the most peripheral rows or columns (I and 6) under row or column instructions, respectively (Figures 3b and  3c ). Although errors did not differ significantly, they followed the same pattern as RT (Figures 3b' and 3c' ). We will refer to this U-shaped pattern as the eccentricity effect (see General Discussion).
Given that grouping strength decreases as the proximity between different items decreases (Pomerantz & Schwaitzberg, 1975) , we explored whether the grouping that naturally occurs between proximate lines of identical orientation would be reduced when the distance between distractors was increased. Furthermore, we investigated possible interactions of this subjective conceptually driven process and objective factors known to affect the strength of the grouping process. Indeed, in some conditions, the subjective boundary effect was enhanced, and in others, it was reduced. The following examples illustrate how distractor orientation and the Gestalt principle of proximity interacted with the direction of the localization task.
Given that location information for some features is blurred and summed across objects or perceptual groups (Prinzmetal & Keysar, 1989) , localization should be easier when the items were grouped in the same direction both subjectively-by instruction-and objectively-by proximity and similarity (distractor orientation and targetdistractor discriminability). This was an optimum condition in which the relevant information about location was preserved and the irrelevant information was filtered out. After all, observers were asked to report which group the target was located in, not where in a group it was located. Thus, we hypothesized that the subjective boundary effect would decrease when the directions of objective grouping and subjective grouping agreed. In fact, our results showed that this facilitation was obtained by either (l) or (2) below.
(I) Decreasing the distance between distractors whose orientation was parallel to the instruction. Figure 4 shows that there were shorter RTs and lower errors for the near conditions than there were for the far conditions at all positions for vertical distractors for column instructions (Figures 4a and 4a') and for horizontal distractors for row instructions (Figures 4d and 4d' ). For example, under the row instruction, observers presumably drew subjective boundaries along the direction of the rows. Thus, perceptual grouping by rows, attained when the horizontal distractors were in closer proximity within rows than within columns, allowed for summation offeature information within each row,and simplified the comparisons that needed to be made between the rows.
(2) Increasing the spacing between distractors whose orientation was perpendicular to instruction. F0r column instructions, far spacing improved performance for horizontal distractors and weakened the extent ofthe boundary effect (Figures 4b and 4b' ). Conversely, for row instructions, far spacing aided performance for vertical distractors and reduced the boundary effect (Figures 4c and 4c' ). For instance, for the column instruction, horizontal items that were close enough to group together promoted organization of rows, which was against the direction of the instruction. The far-spacing condition facilitated localization by columns by weakening this row organization and enhancing column organization; hence, observers not only did not have to counteract the perpendicular organization, they could also more easily group in the direction parallel to instruction.
In fact, the facilitatory effect of the far-spacing condition was powerful enough to reverse the effect of distractor orientation. Figure 5 illustrates that under row instruction, with far spacing, as compared with horizontal distractors, the target was more quickly and accurately localized among vertical distractors, and the boundary effect was reduced (Figures 5d and 5d'); in the near condition, the opposite had been true (Figures 5c and 5c'). Similarly, under column instruction, as compared with vertical distractors, the target was localized more efficiently among horizontal distractors and the boundary effect was weakened ( Figures  5b and 5b' ). This difference was more pronounced for the far condition than for the near condition (Figures 5a and 5a') .
Conversely, we hypothesized that the extent of the subjective boundary effect would increase when the directions of objective grouping and subjective grouping conflicted. Because membership in a group can camouflage an item and impair its detectability (e.g., Banks & Prinzmetal, 1976; Prinzmetal & Banks, 1977) , grouping of the items perpendicular to the direction of the instruction should result in the loss of, or more difficult access to, pertinent location information. Ifobjective stimulus factors are powerful enough to counteract the subjective organization induced by instruction, localization should be more difficult. Indeed, this hindrance was obtained by either (l) or (2) below.
(1) Increasing the distance between distractors whose orientation was parallel to the instruction. Figure 4 shows that localizing the tilted target among vertical distractors under column instructions (Figures 4a and 4a' ) and among horizontal distractors under row instructions (Figures 4d and 4d') was more difficult for the far-spacing conditions than it was for the near-spacing conditions. Increasing the distance may have weakened the grouping in the direction of instruction, while making organization in the opposite direction more likely.
(2) Decreasing the distance between distractors whose orientation was perpendicular to the instruction impaired the localization of the target-among horizontal distractors under column instructions (Figures 4b and 4b' ) and among vertical distractors under row instructions ( Figures  4c and 4c' ). Decreasing the distance may have strengthened the grouping in the direction opposite to the instruction.
Comparisons ofthe extent ofthe subjective boundary effect were based on: (1) comparisons made between two con- ditions (e.g., near vs. far) at the boundaries (Rows 2 and 5 for row instructions or Columns 2 and 5 for column instructions); and (2) comparisons made between the boundaries (Rows or Columns 2 and 5) and other positions (Rows or Columns 1,3,4, and 6) within a condition (p < .05). In sum, this subjective boundary effect was found with both near and far spacing of both homogeneous vertical and horizontal distractors, Objective organization was a function of the interaction of the proximity among items and distractor orientation. The main finding of this experiment is that the strength of perceptual grouping resulted from an interaction of this objective organization and the subjective organization induced by the localization task: Increasing the distance among items reduced the subjective boundary effect when the instruction direction and distractor orientation were perpendicular, and enhanced it when they were parallel.
EXPERIMENT 2
In this experiment, we further investigated how perceptual organization stemming from objective information interacts with the subjective organization induced by task instruction. We explored whether the findings of Experiment 1 would be generalizable when objective grouping is brought about by a different Gestalt principle. Specifically, we examined how manipulating the similarity ofthe items in the display, via orientation and color, may interact with subjective organization and thus affect the strength of the subjective boundary effect. Gestalt theory has shown that by manipulating the proximity and the color similarity of stimuli, experimenters can create displays that "naturally" seem to group together (e.g., Banks & Prinzmetal, 1976; Beck, 1982; Pomerantz, 1981) . In addition, color coding the items in a display affects the degree of perceived similarity and reduces the time to locate a target in a visual scene (e.g., Banks & Prinzmetal, 1976; Bundesen & Pedersen, 1983; Eriksen, 1952 Eriksen, ,1953 Hitt, 1961; Prinzmetal & Banks, 1977) . Furthermore, color is a property that is blurred across objects or groups, while at the same time it is constrained by perceptual organization (e.g., Prinzmetal & Keysar, 1989) . Given the effectiveness of color as a grouping inducer, we chose to use color to facilitate the organization ofitems into columns or rows, in such a way that the direction ofperceptual organization by color could be neutral (monochromatic), in agreement with (parallel), or in opposition (perpendicular) to the orientation of the distractors, as well as to the direction of instructions.
In addition, we increased the size ofthe matrix from the 6 X 6 item display of Experiment I to a 9 X 9 item display to address two issues: First, in Experiment 1, performance deteriorated for the positions externally (2 and 5), but not internally (3 and 4), flanking the boundaries. Because we increased the number ofcolumns and rows from 6 to 9, the regions were defined not by pairs of columns and rows, but by trios. This allowed us to examine more precisely which locations would be affected by the subjective boundary, and to see whether performance was uniform for the central region, as was the case for Experiment 1. Second, whereas the far-spacing condition used in Experiment 1 allowed us to manipulate proximity, it covaried with display size in such a way that spatial resolution may have affected the results; the larger the display, the lower the spatial resolution. Localizing a target in the far condition may have been more difficult because it is harder to make local comparisons of items over longer distances. To control for these possibilities, in this experiment, we induced grouping by color instead of by proximity. In Experiment 1, search was more difficult when the target tilted at 35°than when it was tilted at 55°from the vertical distractors. If target-distractor discriminability were responsible for this effect, the difference should disappear when observers searched for a tilted target that deviated equally from both vertical and horizontal distractors (45°).
Method
The stimuli, procedure, and design were the same as those of Experiment I, with the following exceptions.
Observers. A new group of forty Wesleyan undergraduates participated in a 90-min experiment.
Apparatus and Stimuli. The experiment was run using YScope software (Micropsych Software; Rensink & Enns, 1992) , which enabled us to present the target at each of the 81 positions of the display in every single condition. Observers received feedback about their performance: a plus sign (+) indicated a correct response, a minus sign ( -) indicated an incorrect response, and 0 indicated that no response was made before the maximum response time. The display subtended 9°X 9°of visual angle. The right-tilted target was 45°. Owing to the size ofthe display, set sizes were increased to 40, 60, and 80, so that 50%, 75%, and 99% of the display was full.
The interitern distances corresponded to the near-spacing condition of Experiment I. There were three color conditions: (I) monochromatic-all items in the display were blue, as in Experiment I; (2) color by column-all items within a column were the same color; and (3) color by row-all items within a row were the same color. These color conditions were designed to encourage grouping by similarity. The three different color conditions allowed for neutral, parallel, and opposite organization ofthe items with respect to distractor orientation and instruction direction. All colors were of maximum brightness and saturation: RGB percentages correspond to those provided by the Macintosh custom color table: red: 100/0/0; orange: 100/50/0; yellow: 100/100/0; lime: 50/10010; teal: 0/100/50; cyan: 0/100/1 00; blue: 0/0/100; purple: 50/0/1 00; magenta: 100/0/100. Procedure. We included 10% absent trials (this percentage was not revealed to observers), to investigate whether observers in Experiment I had adopted a particular strategy based on their knowledge that the target would appear in every trial. One group of observers was instructed to determine whether the target appeared in the left three, middle three. or right three columns, or whether it was absent (column instruction); the other group of observers determined whether it appeared in the top three, middle three, or bottom three rows, or whether it was absent (row instruction). Observers used their thumb for keypresses indicating the target's absence.
Results and Discussion
General analysis. Figure 6 presents the observers' mean correct RT and error rates for present and absent trials as a function of set size for both column and row instructions. ANOVAs with one between-subjects factor (instruction) and four within-subjects factors (target X color condition X distractor orientation X set size) were performed on the correct-RT and on the error-percentage data (Table 2) .
SET SIZE Figure 6 . Observers' mean correct reaction times (RTs, in milliseconds) and error rates (in percentages) as a function of set size for present and absent targets under column and row instructions (Experiment 2).
Main effects indicated that RTs were faster for column than for row instructions, for present than for absent trials, and for larger than for smaller set sizes. Target X instruction interacted because there was a greater difference between present and absent for column (553 vs. 636 msec) than for row (629 vs. 684 msec) instructions. The ease with which present targets were localized under column instructions seems to have been responsible for this interaction.
Although RTs were higher for absent than for present trials, there were more errors for the latter (8.8% vs. 3.4%). This is a common finding in detection of both feature and conjunction tasks (e.g., Carrasco, Evert, Chang, & Katz, 1995; Enns & Rensink, 1990 Wolfe et al., 1989 ). This finding is not surprising, since absent trials represented a simple detection task, while present trials also required localization judgments. Whereas errors for absent trials reflect false alarms (73%) or that observers took too long to respond (27%), errors for present trials reflect misses (8%), mislocalizations (84%), or that observers took too long to respond (8%). Errors were highest at Set Size 60 (6.5%), and lowest at Set Size 80 (5.5%). Given that performance improved at larger set sizes, the tilted target was localized in a parallel fashion (e.g., Enns & Rensink, 1990; Treisman & Gormican, 1988 ; see General Discussion).
As we hypothesized, the impairment of performance with vertical distractors in comparison with horizontal distractors found in Experiment I was eradicated when target-distractor discriminability was equated for both distractors by having a 45°tilted target.
Analysis of target position. As in Experiment 1, the mean correct RT and frequency oferror per target position were obtained for each observer. Since set size did not interact with any other factor, data were collapsed across set sizes. ANOVAs with one between-subjects factor (instruc- Column eo Row eo tion) and four within-subjects factors (color condition X distractor orientation X direction of position analysis X target position) were performed on both RT and error rates.
Both of the main patterns found in the previous experiment were replicated in this experiment. For both RT and errors, the interactions of instruction X direction X position were significant ( Table 2 ). The general pattern (direction X position) was highly consistent for column and row instructions. This pattern emerged for all three color conditions and for both orientations. As also revealed by pairwise comparisons, Figure 7a shows that for column instruction, the peripheral columns were processed fastest (Columns I and 9), followed by the central columns of each region (Columns 2,5, and 8), and that peaks occurred around the subjective boundary dividing the display into the three regions (Columns 3 and 4 and 6 and 7). In addition, Figure 7a ' shows that these four boundary columns were processed less accurately than either the four most peripheral columns (Columns 1, 2, 8, and 9) or the central column (Column 5). Figure 7d illustrates that for row instruction, the boundary effect was present for rows instead of for columns. The peripheral rows (Rows 1 and 9) were fastest, followed by each region's middle rows (Rows 2,5, and 8), then by the internally flanking rows (Rows 4 and 6), with the externally flanking rows (Rows 3 and 7) having the highest RTs. Additionally, Rows 4 and 6 produced a greater number oferrors than the peripheral rows (Rows 1, 2, 8, and 9) and the central row (Row 5), followed by Row 7, with Row 3 acting as the most problematic row (Figure 7d' ). This illustrates that the externally flanking rows were more difficult than the internally flanking rows. In this experiment, performance decreased for both the internally and the externally bordering locations (Figure 7 ), whereas in Experiment 1, this subjective boundary effect was present only at the externally bordering locations (Figure 3) . This difference may be related to the greater distance between the fixation point and the boundaries that divided the three regions, as well as to the greater number of both stimuli (81 vs. 36) and columns and rows (9 vs. 6) in the display; fewer frame references were available, and comparisons among items may have been more difficult. If observers compared the central fixation point and the outermost columns and rows to guide the parsing of the display, this experiment would be harder, especially when the target suffered from poor spatial resolution. The maximum distance from the fixation point to the farthest internally bordering positions subtended 2.55 0 of visual angle in Experiment 1 and 4.12 0 in Experiment 2. This substantial decrement in spatial resolution may have contributed to the decrement in observers' performance for the internally flanking positions in Experiment 2.
As we expected on the basis ofthe previous experiment, RTs followed a consistent but different pattern of results when position was analyzed perpendicularly to the direction of the instruction. In terms ofrows for column instruction, pairwise comparisons indicated that RTs were faster at the center (Rows 3-6) than at periphery (Rows 1, 8, and 9; Figure 7b ). The error function was essentially flat; only the peripheral rows (Rows 1and 9) induced more errors than the others (Figure 7b') . Similarly, for row instruction, the outermost columns (Columns 1 and 9) had higher RTs than all other columns, leading to a predominantly flat function (Figures 7c and 7c' ). The more pronounced eccentricity effect for column than for row instructions suggests that there is more of a gradient among rows than among columns. This finding, previously reported for detection tasks (Carrasco & Katz, 1992) , may correspond to the faster drop of spatial resolution in the vertical than in the horizontal direction (Curcio, Sloan, Packer, Hendrickson, & Kalina, 1987; Rijsdijk, Kroon, & van der Wilt, 1980) . In this experiment, the eccentricity and the boundary effects emerged consistently in all instruction, color, orientation, and set-size conditions. As we expected, observers' performance was affected by both subjective and objective factors, as well as by their interrelation. Instruction inter-.acted with both color and orientation of stimuli. When the direction of all three factors coincided, the task was facilitated and the boundary effect reduced. The strong grouping by color similarity in the direction of the localization task helped chunk information, reduced the number of items that observers had to consider, and eased localization comparisons among groups, but hindered distinctions within a group.
As we hypothesized, objective grouping resulted from an interplay of distractor orientation and color coding; when they were in the same direction (e.g., when they were Figure 8 . The subjective boundary effect for vertical versus horizontal distractors when items were color coded in the direction parallel to that of the instruction (Experiment 2). vertical distractors and were color coded by columns), they were expected to have a more pronounced effect on the extent ofthe subjective boundary effect than when they were in opposite directions (e.g., when they were vertical distractors but were color coded by rows). For each instruction, the effect ofdistractor orientation on the extent of the subjective boundary effect varied for the three different color conditions. This was revealed by the three-way interaction of orientation X direction of position analysis X target position, which had varying significance levels for the three different color conditions (Table 2 ). For column instruction, this interaction was significant for color by columns, was less significant for the monochromatic condition, and was not significant for color by rows. In the color-by-column condition (Figures 8a and 8a' ), the effect of position was more pronounced for horizontal than for vertical distractors, as revealed by simple effects of the orientation X position interaction. Moreover, even though RTs were marginally slower for the vertical than for the horizontal distractors at the central column (Column 5) and the two peripheral columns (Columns I and 9;p< .10), performance was faster and more accurate for vertical than for horizontal distractors at the flanking columns (Columns 3 and 6), thus creating a more pronounced subjective boundary effect for horizontal than for vertical distractors.
Conversely, for row instruction, orientation X direction X position was significant for color by rows and for the monochromatic condition, but not for color by columns. In the color-by-row condition, performance was faster for horizontal than for vertical stimuli at Rows 3, 4, and 7 ( Figure 8b) ; performance was also more accurate for the horizontal than for the vertical stimuli at Row 7 (Figure 8b' ). Although for RTs, orientation X direction X position interacted for both instructions of the monochromatic condition, the effects of orientation did not follow a consistent pattern. In short, the facilitatory effect of having the orientation of the distractors parallel to the direction of the instruction was only significant if the direction ofthe color coding was also in agreement with instruction.
Under column instruction, the columns flanking the boundary both internally (Columns 4 and 6) and externally (Columns 3 and 7) were equally difficult in terms of RT and slightly harder for the externally flanking columns (607 msec and 55% out of total errors) than for the internally flanking columns (605 msec and 45%; Figures 7a  and 7a') ; for row instruction, however, the externally flanking rows were processed more slowly (695 msec) and less accurately (69% out oftotal errors) than were the internally flanking rows (658 msec and 31%; Figures 7d and 7d') .
In Prinzmetal and Keysar's (1989) study, observers were more likely to perceive an ambiguous matrix ofsquares as organized into columns than into rows. This finding, originally reported by Wertheimer (1923) , corresponds to the biologically based low-pass band-filtered images of this matrix (Ginsburg, 1984 (Ginsburg, , 1986 . In Prinzmetal and Keysar's study, for observers to perceive the display as evenly organized, interrow distances had to be larger than intercolumn distances (we refer to this finding as the column-grouping bias). Accordingly, in the present experiments, observers may have perceived the distance to be smaller between rows than between columns and, thus, the global display as a horizontal rectangle rather than a square. Thus, under the row instruction, observers' incorrect localization of the targets appearing in the externally flanking rows as being in the central region may have resulted from an expanded representation of the central region. In addition, because spatial resolution decreases faster along the vertical than along the horizontal retinal axes (Curcio et aI., 1987; Rijsdijk et aI., 1980) , the representation for rows may be fuzzier than that for columns. Furthermore, because observers fixated at the central fixation point during the display duration, their localization judgments may have been from the inside out. In short, observers may have assigned subjective boundaries around the area they considered to be the middle region, which, according to the column-grouping bias, would encompass more rows than columns. Indeed, more externally flanking rows than externally flanking columns were included in the central region (55.1% vs. 69.2%).
In accordance with Prinzmetal and Keysar's (1989) theory, we found that location information for features was in some way constrained by perceptual organization. First, our findings support the idea that groups of items resulting from similarity in color may be treated as units (Banks & Prinzmetal, 1976; Bundesen & Pedersen, 1983; Kahneman & Henik, 1977; Prinzmetal & Banks, 1977) . Second, the strength of perceptual grouping was a function of the interaction of color and orientation of the stimuli, even when proximity was constant. Third, and most important for our purposes, this objective perceptual grouping greatly influenced the extent of subjective organization resulting from task-specific instructions. 
General Localization Performance
As mentioned in the Introduction, there is no consensus as to the degree of attentional involvement required for a localization task to be carried out (e.g., Atkinson & Braddick, 1989; Green, 1992; Johnston & Pashler, 1990; Sagi & Julesz, 1985b; Treisman & Gelade, 1980) . A parallel search is defined as one in which no additional time is required as the number of distractors increases (e.g., Egeth, Folk, & Mullin, 1989; Treisman & Gelade, 1980) . Overall, the localization task of the tilted target had a negative slope, and would thus be considered to have been conducted in a parallel fashion (e.g., Enns & Rensink, 1990; Treisman & Gormican, 1988) . Our results agree with findings that observers perform localization tasks in parallel (Sagi & Julesz, 1985b) , and that increasing set size improves detection (Sagi, 1990) . With the largest set size for both experiments (36 for Experiment 1 and 80 for Experiment 2), observers were able to detect a local difference signal where a relevant break or interrupt signal in the feature gradient existed (e.g., Johnston & Pashler, 1990; Sagi & Julesz, 1985a , 1985b .
Localization Performance According to Target Position and Spatial Layout
Twoperceptual effects were consistently found throughout all the experimental manipulations ofthis study. First, when performance was assessed in terms of objective groups opposite to those of instruction, the position effect emerged: performance dropped as target eccentricity increased. This is the first time that the eccentricity effect was explored in a localization task (Experiment 1) and a simultaneous detection and localization task (Experiment 2). This effect, which has been previously reported in detection (Carrasco & Katz, 1992; Carrasco et al., 1995) and identification (Carrasco & Girard, 1993) tasks, seems to be explained by decreasing spatial resolution at greater retinal eccentricities.
Second, and most important for our purposes, both latency and accuracy performance reflected a very strong subjective boundary effect. Localization performance was impaired at the subjective boundaries defining the regions relevant for the task. This effect appears to be a prevalent perceptual phenomenon. It consistently emerged in all conditions we explored, when (1) the task consisted simply of localizing or of detecting and localizing the target, (2) the display subtended 6°X 6°, 6°X 9°, or 9°X 9°of visual angle, (3) the display consisted ofset sizes 6-36 or 40-80, and (4) the target's orientation deviated from distractor orientation (35°and 55°or 45°). The subjective boundary effect was also obtained in a previous study conducted in our laboratory (Carrasco & Girard, 1993) , in which the target was horizontal or tilted (+35°or -35°) and the distractors were always vertical.
Our subjective boundary effect is not only in accordance with research involving the effect of spatial resolution and coarse location information on feature perturbations and illusory conjunctions (Cohen & Ivry, 1989; Estes & Wolford, 1971; Wolford, 1975; Wolford & Shum, 1980) ; by introducing the important role of subjective organization, our findings have actually added a dimension to the perceptual organization principles that traditionally have been considered to constrain spatial resolution (Banks & Prinzmetal, 1976; Prinzmetal & Banks, 1977; Prinzmetal & Keysar, 1989) .
There is evidence that the overall organization of the display may result from a fast but crude analysis of the scene, which contains coarse location information carried out by low spatial frequencies (e.g., Kinchla, 1977; Ginsburg, 1984 Ginsburg, , 1986 . This coarse location information may be responsible for the fact that in both experiments, the mislocalizations always occurred between neighboring regions. This is in line with the finding that illusory conjunctions occur more often between adjacent items than between nonadjacent items (Cohen & Ivry, 1989; Ivry & Prinzmetal, 1991; Keele et al., 1988; Prinzmetal & Keysar, 1989; Wolford & Shum, 1980) . When features are registered, the location information is coarse or incomplete. Whereas this location information is sufficient to prevent the confusion of features between distant objects, it is not accurate enough to prevent the migration of features between adjacent objects (Cohen & Ivry, 1989; Prinzmetal & Keysar, 1989) .
The feature perturbation model provides more specific detail about the way in which lateral interference distorts information about the relative location of features. When a target is flanked by distractor items, its features are likely to migrate, especially when the target has poor spatial resolution (Wolford, 1975; Wolford & Shum, 1980) . In our experiments, when observers mislocalized the target, they reported that it appeared in the neighboring subjectively defined region. The findings that the boundary effect was present for the externally flanking locations (Locations 2 and 5) but not for the internally flanking locations (Locations 3 and 4; Experiment 1) and that for row instruction, localization performance was worse for the external than for the internal flanking rows (Experiment 2) may be explained by three central assumptions of the perturbation model: (1) there are more perturbations as distance from the fovea increases; (2) migrations are more likely toward the fovea than toward the periphery; and (3) the representation quality is affected by proximity and number of items flanking the target, this lateral interference being greater in the periphery than in the fovea (Estes & Wolford, 1971; Wolford, 1975; Wolford & Shum, 1980) . Thus, although there was poor spatial resolution for targets placed at peripheral positions (Locations 1 and 6, Experiment 1; Locations 1 and 9, Experiment 2), they were processed rapidly and accurately because they only had internal flanking neighbors, which in any case belonged to the same region. The column-grouping bias (Ginsburg, 1986; Prinzmetal & Keysar, 1989 ) that we addressed in the Discussion section of Experiment 2, may explain why for the col-umn instruction of Experiment 2, localization was not more impaired for the external, in comparison with the internal, flanking columns.
Objective and Subjective Organizations Constrain Spatial Resolution
Spatial resolution for an item decreases not only as retinal eccentricity increases (e.g., Hubel & Wiesel, 1979) , but also as its grouping with other items is strengthened (Banks & Prinzmetal, 1976; Prinzmetal & Banks, 1977; Prinzmetal & Keysar, 1989 ). Although at the global level of analysis, the local identity ofeach item may be lost, the information signaling its membership of the group is preserved (e.g., Treisman, 1982) . Thus, spatial resolution is constrained by perceptual organization, and apparent homogeneity is achieved by preserving less information within a group.
Moreover, it has been found that there is a two-way interaction between gestalt organization and spatial distortion: gestalt organization-via proximity, similarity, closure, or good continuation-may indeed distort the spatial relationships perceived in the field; in turn, this spatial distortion may enhance the already-existing grouping effect. The direction of the distortions seems to support the perceptual group; the distance between different items considered to be part of the same group is underestimated when compared with the distance between items considered to be part ofdifferent groups (Coren & Girgus, 1980) . According to the perturbation model (Wolford, 1975; Wolford & Shum, 1980) and to density effects on illusory conjunctions (Cohen & Ivry, 1989) , the greater the separation between the target and the distractors, the less the interference (see also Collins & Eriksen, 1967) . Hence, this two-way interaction suggests that the similarity attained by the orientation of the distractors that formed a global unit influenced the perceived proximity ofthe items in the display, which in turn strengthened the grouping effect. Our experiments added a new variable to this equationnamely,subjective organization. The net perceptual grouping was a result of both gestalt grouping and subjective organization. We conclude that subjective organization must be considered as a factor that affects not only the strength of grouping among items, but also their perceived proximity or density, which in turn would influence the difficulty of target processing.
The results from our localization search task support Prinzmetal and Keysar's (1989) assertion that perceived organization of a display may constrain or limit location information, and that location information for some features is blurred across surfaces and within perceptual groups. What is key in our study is that within and across experiments, different aspects of the interaction of both objective and subjective organizations of the display were explored. We asked our observers to localize a target in terms of the subjective regions; they had to subjectively group the target with the distractors in either the same row or the same column. In contrast to Prinzmetal and Keysar's primary reading task, in which the physical cues (the digits that flanked the display) introduced a data-driven process, the subjective organization in this study resulted solely from a conceptually driven process via instructions. This finding corroborates the assertion that the demands of a task can organize the display in such a way that perceptual organization is not only the result of stimulusdriven processes (Baylis & Driver, 1993; Yantis, 1992) .
The conditions in which the subjective boundary effect was either enhanced or reduced as a function of objective perceptual grouping illuminate the processes underlying the boundary effect. Localization performance depended on whether the target was objectively grouped in the same direction or in the opposite direction to that of the instruction. The effects ofproximity (Experiment 1) and color (Experiment 2) were a function of the relationship between distractor orientation and instruction. For instance, for column instruction, the far spacing between (Experiment I) and color by row of (Experiment 2) vertical distractors impaired performance by diminishing the natural tendency of proximate vertical lines to be organized into columns: the peaks in RT and error rates at the subjective boundaries increased. Performance decreased because the subjective grouping required for the localization task had to overcome the objective grouping. It was harder to appropriately localize a target when the physical stimulus properties were powerful enough to influence the observer to organize the display in the direction opposite to the instructions, especially if it fell near the boundaries that defined the regions of the task. In this case, the location information that was pertinent to the task took longer to be accessed, and was often incorrect. Because location information for certain features can be efficiently and economically coded when constrained by perceptual organization, once blurring of information has occurred, there is an accompanying risk of losing pertinent information if the task requires more precise distinctions to be made within a perceptual group. It is as if the target were camouflaged by its membership in a group, making it more difficult to be detected, even when the proximity of the target to the items with which it was grouped was not greater than the target's proximity to other neighboring items with which it was not grouped.
On the other hand, when this same display was viewed by an observer under row instruction, the increase in spacing (Experiment 1) and color in the same direction as instruction (Experiment 2) was beneficial. Not only was the opposing organization weakened, but grouping by rows was also encouraged, thus reducing the subjective boundary effect. In fact, we succeeded in eliminating the subjective boundary effect by color coding the three regions that were imposed by the instructions of the localization task, in such a way that each region had a homogeneous color. For the column instruction, when the vertical regions were homogeneously coded, observers' performance in localizing the tilted target among vertical distractors did not differ across all nine columns.' In this way, the present study provides evidence for the notions that the more integrated an item is to its group, the harder it is to detect (Banks & Prinzmetal, 1976; Prinzmetal & Banks, 1977) , and that perceived grouping between target and dis-tractors in a display is harmful, while perceptual grouping among distractors is beneficial (Bundesen & Pedersen, 1983; Duncan & Humphreys, 1989 Farmer & Taylor, 1980; Poisson & Wilkinson, 1992) .
Our results show that the way in which location information for colors is constrained by perceptual organization (Ivry & Prinzmetal, 1991; Prinzmetal & Keysar, 1989) may be true for orientation as well. The finding that the effects of proximity and color similarity were amplified by distractor orientation illustrates that Gestalt grouping principles should not be considered as simple, separate laws, but rather must be considered in relation to one another (e.g., Coren & Girgus, 1980; Ginsburg, 1986) . Iflocation information for orientation is summated or integrated within an object, it follows that when perceptual organization is orthogonal to the instruction direction, localization decisions become more difficult, especially when the target appears close to the subjective boundaries. According to the grouping-strength model (Duncan, 1984) , a preattentive segmentation of the visual field is followed by a more intensive analysis ofa limited number ofgroups or perceptual units, which vary in the degree to which their items cohere. However, the question as to how different attributes combine.to determine net perceived grouping calls for further work (Duncan & Humphreys, 1992) . Moreover, although the grouping of distractors by proximity and similarity ofcolor has been established, the way in which such grouping is utilized in the search process has not been specified (Banks & Prinzmetal, 1976; Bundesen & Pedersen, 1983; Farmer & Taylor, 1980; Treisman & Gelade, 1980) . We concur with authors who state that the visual system's ability to organize visual items into perceptual objects is a fundamental aspect of visual selection, and that comprehensive theories of vision and visual attention require a satisfactory account of perceptual organization (Prinzmetal & Keysar, 1989; Yantis, 1992) . Moreover, we stress that perceptual organization results from an interplay of both objective, stimulus-driven factors and subjective, conceptually driven factors. Indeed, the subjective boundary effect illustrates how strongly task instructions influence visual processing and performance. Hence, it is important to explore the implications that task demands may have on different phenomena. For instance, regarding the localization-versus-identification search debate mentioned in the Introduction, it has been shown that the apparent order ofthese two processes may be affected by the level of precision necessary to perform the tasks (e.g., Atkinson & Braddick, 1989) and by the target-distractor discriminability (e.g., Carrasco & Girard, 1993) . These factors, in turn, could be influenced by the way in which the subjective organization imposed by the task demands may affect the perceptual organization of the display. For instance, when observers are asked to localize the target by parsing the display in a certain fashion, the presence of subjective boundaries would impair performance.
To conclude, our localization task pitted stimulus-driven organization ofthe display against the conceptually driven subjective organization of the observers. Our success in enhancing and reducing the subjective boundary effect through manipulations of stimulus-driven perceptual grouping helps reveal how the interaction of objective organization and subjective organization determines perceptual organization. When observers are asked to perform a localization task that requires subjective organization, it is clear that the degree to which Gestalt grouping laws can facilitate or impede such parsing depends on the interactions of a multiplicity of stimulus factors, such as orientation and proximity (Experiment 1) or color (Experiment 2). The interaction between the two types of organization could be either beneficial or detrimental to performance: When objective and subjectiveorganizations were in agreement, the two forces worked together in harmony and performance improved; when the two conflicted, however, the observers had to mediate between the two opponent forces, and their performance suffered as a result.
